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taken 273,16, so that 25 degrees Centigrade corresponds to T = 298,16),

Further, with the aid of the formula ,

AF°® = -RT 1n K

the value of the equilibrium constant K can be obtained,

This method of calculation is often called the Ulich approxima-
1 tion method, although essentially this method was used earlier by Lewis

and Randal (1) .

In many cases, the approximation method suffices, especially if
f it leads to very high absolute values of ATO, which indicate that the ; i
reaction can either proceed to completion or that it cannot practically i

proceed at all,

(b) Exact calculation, If the approximate calculation indicates i
that both the starting substances and the reaction products are present : .
in noticeable amounts at equilibrium, then an exact calculation can
be made, This calculation ta‘kes into account the value of A Cp and

is performed in the following manners L .

The values of Cp are expressed by interpolation formulas of

the type

Cp = Gy *+ O4T * G2T2, (L)

where G,, Gy, and G2 are constants, Thus, for A 'Cp, we obtain

c, = Ao, + Doy + Ac,r2, (5)

The variation of the heat content /N H is then expressed by

the following equationt

- AR, 1 AaT? 44
H = AR, s Ao+ 5 Agr + 300,15,
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The constant AHO is determined by substituting in this equation
the values of A Hpgg and T = 298,16, Further, the value of AF° for

the required temperature is determined from the following equation:

é,?_f - é_.;ie- ~AG, IN T—-‘ZAG'T—lgAGZTi I

Also, the constant J 18 first determined by substituting in this

equation the value of A F0298’ which is calculated from the equation

AFqp = A Hygg * 298,16 + A 8%9g° (8)

Sometimes, following Kelly, use is made of the following ex=

pressions for the heat capactties

0y = Gy * &T +.G_2T'2, (9)

where G» Gl’ and G_, are constants, The calculation is carried out

as described abovee.

With A FO determined, K is cbtained with the aid of equation

(3)'

The actual performance of the indicated calculation is quite
cumbersome and requires much time. In addition, the result of the
previously performed approximate calculation is not utilized and all

calculations have to be perfomed from the start.

Below is outlined 2 method of exact calculation, which eliminates
the requirement of calculating the auxiliary magnitudes A Hy and J
and shortens the calculating operations through use of an auxiliary

table which is & development of the table published by Lewis and

Randal (1) .

The calculation isﬂbased on the utilization of the equation
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Tt is easy to see that the last member in the right-hand
portion of the equation provides a correction for the results ob-

tained by the approximate calculation. If we introduce the criter-

+ T
= dT n
M S Tz-éfg ™ qT,

298 298

ion

+ 298,16 .1
T

and when n # O,

n - M, 298.6MT 298,160 %
ME e L) (n+ LT n (13)

#By rearrangement, the following formulas, more suitable for calcul~
ating the magnitudes M and M_z are obtained: M1 = %% (T - 298.16)2;
M = .J.’.( 1 - 2‘_)2
-2 Z 229816 T
The table lists the values of M, Ml’ M, and M_, for different
temperatures (and also values of 1/T, which are useful for calculations).
The values for intermediate temperatures not listed in the table can be

determined by linear interpolatione With the 2id of the table it is

casy to calculate the magnitude A FO/T from the formula

AEC _ bHgg _ | o
L - -0, (M AG+M, 0+ My G+ 06 Joaw

Bquation (14) is applicable when the heat capacity of 2 portion
of the substénces is expressed by equations of type (L) and for the

remaining equations of type (9)
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Some members of the type MnA GK1 may be absent in exceptional
cases, By dividing the caleulated value of A FO/T into L.5TLO, we

get =log X
Example: To determine the equilibrium constant of the reaction

c 4 €O, = 200
graphite 2

at 1000 degrees Centigrade, The following data are given:

C + 30, = C0; - Hyeg = -26,393 calories

C+0, = 602 H298 = «9);,030 calories

s 50296 = 1.36 calories /degree COp3 50298 = 51,08 cal-

ories/degree

co;3 50298 = liT+32 calories/degree

C, = 2673 + 20 617 x 1077 = 1,169 % 105772 (0-1100° ©)
c, = 685 + 8.533 x 10737 = 2,475 x 10 ~6p2  (0-1700° C)

co; ©, = 6.60 + 1,20 % 10737 (0-2200° ©)
From the above given data, we obtain for our reactions:
Aﬁz% = 1,2}l calories
A 80298 = 112,20 calories/degree
G, = 3.6773 G = 8,750 x 10735 G, = 2L X 1076
From the table, we obtain for 1000 degree§ Centigrade:

1/T = 0,78545 x 10735 u_ = 0.6858; M, = 03733 10%;

- 0.2326 x 108 M_p = 0,3299 % 1075
-2

Hence, with the aid of eqﬁation (1) ; we get:

F"/T - 1.2k (o 78515) - uz 20 - B77 (o 6858) + 8475 (0.3733) -
: - 2 MS (0 ?326) P A 169 (0% 3299) = -_1.0.02‘
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log K = 10.02/L.5Th = 2,191

The first two itamé, which correspond to sthe approximate
calculation on the assumption that 4 ‘Cp = 0, glve AFO/T = 9,81 and
log K = 2,145, An error of 0.05 in log K obtained by the approximate
caleulation corresponds to an error of 12 percent in - the magnitude

K (in other cases it may be considerably larger).

It is easy to understand that the table can be utilized for
various other calculationsj for example, for calculating the magni-~
tudes A S° and AFO 298 from the experimental values of A Hy08
and A Fo for any desired temperature T (from the magnitude K for

this temperature).

We wish to point out still another application of the table.
Let us assume that we have the experimental values of K and hence
of A FO for various temperatures and the expressions of heat capa-

cities of the reacting substances and that it is required to determine

the values of AH and A S° ., Usudlly, such a problem is solved
298 298
in the following manner. On the basis of equation (7)), we plot 1/T

on the abscissa and the nagnitude
AF + 4G, In T+ G T+go6, T

along the ordinate and then we draw the besb possible straight. line
through the points corresponciing to.the experimental data. The slope
of the stralght 11ne glves ‘the magnltude bf A Hy and the section which

it cubs off on the ordlna‘oe ams gives Je
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TABLE FOR THERMODYNAMIC CALCULATIONS

l -
T+ 103 Mo le10’3 M,e10 6

273.16  3.6609 0,00L0 0,0011 0.,0003  0.,0047
298,16 343539 0,0000 0,0000 0,0000  0,0000

323,16 3.,00LL 0,0032 0,0010 0.,0003  0,003L
373,16  2,6798 0,023} 0,0075 0,002 0,0227
423,16 2,3631 0.,05L47 0,0185 0,0063  0,0491

L73,16 2,113k 0,0919 0,032} 0,0115 0,0769
523,16  1.,9115 0,1322 0,048) 0,0180  0,1040

573,16  1.7LL7 0.1737 0,0660 0,0257  0.,1295

623,16 1,60L7 0.2156 0.,08L8 0,034y  0.1530
673.16  1,L855 042573 0,104k 0.0422  0.17k5
723,16  1.3828 043006 0.12L9 0,0549 0,193
773,16 1,239L 0.3385 041459 0.0666  0.2123
823,16 1,21L8 0.3777 0,167 0.0792 0,2288
873,16  1.,1L53 0.4160 0.1893 0.0927  0.2439
923,16  1,0832 0.4532 0.2116 0.1072 0,2578
973,16  1.0275 0,1893 0.2341 0,1225  0,2706
1023.16  0.97736 0,525 042569 0,1387  0.2824
1073.16 0,93183 0.5586 0.2798 0,1557 0,2933
1123.16 . 0,8903L  0.5917 0.3030 0,1737  0.3035
1173.16  0,852L0 0.6210 0.3263 0.1925 0,3129
1223,16 0.81756 0.6552 043498 0,212 0,3216
1273.16  0,785k5  0,6858 0.3733 0.2326 0,329
1323.16  0.75577  0.7155 043970 0,250 043375
1373,16  0,72825 04 7hlbL 0.),208 0.2762 043LL7
1023.16  0.70266 00,7725 0.6 0.2993  0.35Lk
17316 0.67801  0.7999 0.1686  0.3232  0.3578
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b g
M, 010 H_,e10

1
T .10 M1-10“3

1523,16 0465653  0,8267 0.1926 0,3480  0,3638
1573.16  0.63566  0.8527 0.5167 0,3736  0.3694
1623.16  0,61608 0,8782 0.5408 0.,100L  0.37h8
1673.16  0.59767  0.903L 0,560 0.2k 0.3798
1723,16  0.58033 6.9272 0.5892 0,556 0.3846
1773,16  0.56396  0.9510 0,6135 - 0,1845  0.3892
1823.16  0.5L850  0.9732 0,6378 - 0.51LL 043935
187316 0.53386 0,998 0.6622 0.5L50  0.3976
1923.16  0.51998  1.0168 0.6865 0.5766  0,1016
1973.16  0.56080  1.0L08 0. 7110 0.6089  0.L053
2023,16  0.L9236  1.0598 04735k 0,621 0,L089
2073.16  0.18236  1.0830 047599 0,6761 é.u123
2123.16  0.47100  1.103L 0, 78LL 0,7110  0.L156
2173.16  0.h6016  1.1235 0.8089 0.7467 0,187
2223,16  0,LL981  1.1L32 0.833L 0.7833 - 0.4217
2273,16 0.143992 1.1616 0.8580 0.8206  0.L2L6

the slope of the best possible straight line through the experimental
points, in accordance with equation (14), determines the magnitude
A H298 and the section which it cuts off on the ordinate axis is
vequal to - 480 298'

with -
“Alon J the above descmbed approumate calculation, which'

corresponds to the assu.mptl on that AC =0, U]_"Lch( 2) proposed more
comple'xvmve,théds cf‘a‘pproxlmate calcula blon (“second appro,clmatlon" and
Wthirdfappféximaﬁioh“); jIn”V1ew of the sxmplicity of the exact cal=

"the 11 h m thods seem ‘superfluous.
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